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Four source rock units on the North 
Slope were identified, characterized, and 
mapped to better understand the origin 
of petroleum in the area: Hue-gamma 
ray zone (Hue-GRZ), pebble shale unit, 
Kingak Shale, and Shublik Formation. 
Rock-Eval pyrolysis, total organic carbon 
analysis, and well logs were used to map 
the present-day thickness, organic 
quantity (TOC), quality (hydrogen index, 
HI), and thermal maturity (Tmax) of each 
unit. To map these units, we screened all 
available geochemical data for wells in 
the study area and assumed that the top 
and bottom of the oil window occur at 
Tmax of ~440o and 470oC, respectively. 
Based on several assumptions related to 
carbon mass balance and regional 
distributions of TOC, the present-day 
source rock quantity and quality maps 
were used to determine the extent of 
fractional conversion of the kerogen to 
petroleum and to map the original 
organic richness prior to thermal 
maturation. 

The North Slope of Alaska is a prolific oil 
and gas province partly due to the 
occurrence of multiple effective source 
rock units (Bird, 2001). In anticipation of 
our 3-dimensional computerized 
petroleum system modeling of this area 
using PetroMod (IES; Integrated 
Exploration Systems), we recognized 
the need for regional maps of organic 
richness prior to thermal maturation for 
each source rock unit. The study area is 
indicated by the polygon shape of the 
maps. Preparation of these maps 
required interpretation of available 
geochemical data from more than 60 
North Slope wells.

The tables (right) summarize wells that 
have geochemical data within the 
penetrated Hue-GRZ, pebble shale, 
Kingak, or Shublik source rocks, 
respectively. Thickness was determined 
from well logs (see Keller and Bird, this 
session). The number of samples (n)  
analyzed for Rock-Eval pyrolysis/TOC 
within each unit spans a depth range 
that accounts for a proportion of the total 
thickness of the unit (%Sampled). The 
thermal maturity of the source rock in 
each well was determined using average 
measured Tmax and production index 
(PI) (Peters, 1986), supplemented by 
comparison  to vitrinite reflectance data. 
Original HI for mature and spent 
intervals was estimated by comparison 
to the measured HI of immature 
equivalents; using an east-west 
calibration (Hue-GRZ) or the average of 
the HI in immature equivalents of that 
interval from the two nearest wells. The 
original TOC (TOCo) and fractional 
conversion of kerogen to petroleum (f) 
for mature and spent units was 
calculated using mass balance and two 
assumptions: (1) the original PI (PIo) 
was equal to measured PI (PIx), and (2) 
the original hydrogen index (HIo) was 
equal to the average measured HI (HIx) 
for all immature samples of the source 
rock. With a few exceptions that can be 
explained, f increases systematically 
with increasing Tmax, suggesting that 
the calculations are reasonable.    
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Stratigraphy shows the four principal source rock units in this 
study (modified from Bird, 2001).

Map shows location of study area 
(PetroMod Polygon).

Thickness (ft.), Rock-Eval pyrolysis Tmax (oC), 
production index [PI = S1/(S1+S2)], total 
organic carbon (TOC, wt.%), hydrogen index 
(HI = 100*S2/TOC), and calculated original 
TOC, HI (TOCo, HIo), and fractional conversion 
(f)  for samples (n) in source rock interval. 
*Corrected Tmax based on depth trend in 
Antares well. **Assumed minimum fractional 
conversion = 0 for Tmax versus f plot.

Present-day thickness (ft.) of Hue-GRZ, pebble shale, Kingak, 
and Shublik source rock units. Zero line (blue) = northward limit 
of unit due to erosion beneath Lower Cretaceous unconformity.  
The outline of Prudhoe Bay field is indicated. PetroMod 
Polygon = 3D study area.

Interpreted original HI (HIo, mg HC/g TOC) for Hue-GRZ, pebble shale, 
Kingak, and Shublik source rock units. Calculation assumes original PI 
(average PI for immature samples in corresponding table) and average 
HIo. For the Hue-GRZ source rock, average HIo is based on quadratic fit of 
HI versus longitude for immature Hue penetrations with at least two Rock-
Eval/TOC analyses (see DISCUSSION). For others, HIo is based on the 
average HI for the two nearest penetrations of immature Hue source rock.
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HUE-GRZ Well Thickness Maturity n Type %Sampled Tmax PI TOC HI TOCo HIo f
Badami-1 367 immature 4 CT 84 425 0.10 3.36 400 3.36 400 0
Cape Halkett-1 170 immature 14 CT 82 429 0.05 2.96 123 2.96 123 0
Diamond 50 immature 2 CT 92 429 0.10 1.62 90 1.62 90 0
East Simpson-1 160 immature 1 CT 6 432 0.08 2.24 112 2.24 112 0
East Simpson-2 150 immature 10 CO 17 433 0.11 2.90 122 2.90 122 0
J.W. Dalton-1 105 immature 5 CT>CO 49 429 0.09 3.03 108 3.03 108 0
Kuyanak-1 70 immature 4 CT 86 433 0.09 2.41 84 2.41 84 0
Mars-1 75 immature 2 CT 40 432 0.08 2.42 168 2.42 168 0
Mukluk-1 70 immature 2 CT 57 431 0.03 3.84 245 3.84 245 0
Nechelik-1 84 immature 1 CT 36 423 0.03 4.68 327 4.68 327 0
Orion-1 222 immature 22 CT 99 427 0.04 3.46 228 3.46 228 0
Phoenix-1 168 immature 1 CT 6 429 0.05 3.93 348 3.93 348 0
Placid State 3-10-13 #1 598 immature 5 CT 70 413 0.07 3.59 233 3.59 233 0
Shell Seal Is. A-3 170 immature 10 CT 59 426 0.08 5.02 213 5.02 213 0
South Barrow-16 30 immature 1 CO 33 429 0.13 2.16 147 2.16 147 0
South Barrow-18 50 immature 12 CO 38 418 0.17 1.88 89 1.88 89 0
South Barrow-3 29 immature 2 CO 100 425 0.07 2.24 80 2.24 80 0
Toolik Fed-1 267 immature 11 CT 41 429 0.08 5.53 214 5.53 214 0
W.T. Foran-1 110 immature 2 CT 27 430 0.06 3.10 108 3.10 108 0
Walakpa-1 30 immature 1 CT 33 422 0.06 3.98 202 3.98 202 0
Antares-1 138 e.mature 3 CT 20 ~435* 0.09 3.12 224 3.12 224 0
East Teshekpuk-1 175 e.mature 18 CT>CO 97 439 0.12 2.16 117 2.16 117 0
Mikkelsen B  13-9-19 544 e.mature 24 CO 12 436 0.19 3.70 239 3.70 239 0
North Kalikpik-1 130 e.mature 9 CT>CO 100 438 0.13 3.87 202 3.83 202 0
Ikpikpuk-1 125 mature 2 CT 40 443 0.11 1.57 118 1.57 123 0.05
Inigok-1 130 mature 7 CT 108 443 0.17 2.65 122 2.68 144 0.16
North Inigok-1 120 mature 8 CO=CT 70 441 0.16 4.36 177 4.36 177  -0.23**
Topagoruk-1 155 mature 15 CO 97 448 0.27 1.83 73 1.85 102 0.30
Nora Federal-1 195 spent 2 CT 77 459 0.41 1.72 31 2.12 250 0.90
Seabee-1 105 spent 1 CT 29 na 0.28 1.39 28 1.58 163 0.85
South Meade-1 140 spent 3 CT 93 467 0.27 1.28 46 1.32 92 0.52
Tulaga-1 160 spent 3 CT 13 453 0.38 2.54 56 2.83 187 0.73
Tunalik-1 40 spent 1 CO 5 509 0.10 4.38 17 4.63 79 0.80

PEBBLE Well Thickness Maturity n Type %Sampled Tmax PI TOC HI TOCo HIo f
Cape Halkett-1 70 immature 3 CT 43 432 0.06 3.37 230 3.37 230 0
Diamond 406 immature 13 CT 96 429 0.08 2.02 94 2.02 94 0
Drew Point-1 60 immature 3 CT 50 431 0.08 2.92 178 2.92 178 0
East Simpson-2 50 immature 1 CT 60 436 0.07 2.96 81 2.96 81 0
Kuyanak-1 352 immature 2 CO 1 439 0.14 2.15 156 2.15 156 0
Mars-1 50 immature 5 CT 100 429 0.07 2.63 224 2.63 224 0
Mukluk-1 81 immature 3 CT 86 426 0.09 3.14 244 3.14 244 0
Nechelik-1 120 immature 2 CT 67 428 0.05 3.74 182 3.74 182 0
Orion-1 26 immature 2 CT 77 427 0.04 3.52 212 3.52 212 0
Phoenix-1 200 immature 26 CO 51 na na 3.68 56 3.68 56 na
Placid State 3-10-13 #1 32 immature 1 CT 94 417 0.11 3.42 209 3.42 209 0
South Barrow-18 335 immature 3 CO 4 414 0.12 2.72 88 2.72 88 0
South Barrow-3 345 immature 1 CO 3 426 0.07 2.05 103 2.05 103 0
Toolik Fed-1 50 immature 1 CT 20 428 0.09 4.41 126 4.41 126 0
Tulageak-1 440 immature 1 CO 1 428 0.24 2.71 70 2.71 70 0
W.T. Foran-1 60 immature 2 CT 50 429 0.07 2.67 92 2.67 92 0
Walakpa-1 304 immature 3 CO>CT 67 428 0.07 3.30 65 3.30 65 0
West Dease-1 425 immature 1 CO 1 438 0.30 1.97 27 1.97 27 0
Antares-1 180 e.mature 11 CT 83 ~435* 0.15 2.89 102 2.89 102 0
East Teshekpuk-1 85 e.mature 6 CT>CO 82 438 0.12 3.29 168 3.29 168 0
Mikkelsen B 13-9-19 16 e.mature 15 CO 100 439 0.10 3.84 345 3.84 345 0
Ikpikpuk-1 80 mature 4 CO 10 442 0.20 2.52 73 2.77 173 0.62
North Inigok-1 145 mature 1 CO 1 443 0.13 3.75 233 3.75 233  -0.43**
North Kalikpik-1 125 mature 10 CO 86 451 0.22 2.09 72 2.36 199 0.68
Peard-1 155 mature 2 CO 5 446 0.20 1.63 26 1.77 111 0.78
Topagoruk-1 45 mature 3 CO 67 450 0.30 2.07 71 2.13 119 0.42
South Meade-1 105 spent 1 CT 29 451 0.25 1.47 42 1.56 111 0.64
Tunalik-1 225 spent 2 CO 5 497 0.18 1.53 14 1.68 111 0.88

KINGAK Well Thickness Maturity n Type %Sampled Tmax PI TOC HI TOCo HIo f
Atigaru Pt.-1 870 immature 69 CT 100 435 0.11 1.31 159 1.31 159 0
Cape Halkett-1 175 immature 13 CT 74 425 0.1 2.28 160 2.28 160 0
Gwydyr Bay State A-1 1890 immature 7 CT 93 438 0.08 1.88 284 1.88 284 0
Kookpuk-1 1810 immature 12 CT 92 437 0.18 2.21 128 2.21 128 0
Placid State 3-10-13 #1 1142 immature 37 CT 90 429 0.09 2.12 227 2.12 227 0
Simpson-1 530 immature 11 CT 96 436 0.14 1.70 89 1.70 89 0
South Barrow-3 660 immature 9 CO 42 426 0.19 1.52 78 1.52 78 0
Toolik Fed-1 815 immature 24 CT 99 436 0.12 2.80 185 2.80 185 0
Walakpa-1 956 immature 13 CT 63 430 0.12 1.73 72 1.73 72 0
Walakpa-2 1084 immature 1 CO 1 430 0.05 6.31 120 6.31 120 0
West Dease-1 230 immature 2 CO 92 431 0.25 1.33 52 1.33 52 0
W. Kuparuk St. 3-11-11 1810 immature 15 CT 8 436 0.17 2.36 251 2.36 251 0
East Simpson-1 180 e.mature 8 CT 44 442 0.16 1.45 101 1.45 101 0
Kuyanak-1 1046 e.mature 12 CT>CO 53 440 0.15 1.19 74 1.19 74 0
Beaufort Sea Blk. 54-1* 1466 mature 30 CT 33 441 0.22 1.25 78 1.52 256 0.75
Bush Federal-1 2190 mature 9 CT 26 446 0.37 1.78 42 2.09 206 0.83
East Teshekpuk-1 1380 mature 22 CT 14 449 0.37 0.94 49 1.04 160 0.72
Ikpikpuk-1 2365 mature 46 CT>CO 97 448 0.15 1.32 101 1.35 125 0.21
Itkillik River-1 2140 mature 50 CT 62 444 0.33 1.97 86 2.04 144 0.42
Kugrua -1 2155 mature 3 CT 10 447 0.29 1.19 34 1.23 73 0.55
North Kalikpik-1 245 mature 4 CO 88 450 0.31 1.02 114 1.04 160 0.30
Canning R. Unit B-1 95 spent 2 CT 100 453 0.33 1.44 49 1.68 206 0.80
Inigok-1 2900 spent 34 CO>CT 97 490 0.35 2.05 42 2.29 160 0.76
North Inigok-1 2400 spent 81 CT>CO 65 461 0.39 1.70 51 1.87 160 0.71
Seabee-1 2411 spent 15 CO>CT 57 510 0.36 3.17 15 3.59 144 0.91
South Meade-1 1895 spent 10 CT>CO 73 na 0.46 1.27 27 1.31 73 0.64
Tunalik-1 3450 spent 7 CT 5 na 0.66 1.81 11 1.89 73 0.86

SHUBLIK Well Thickness Maturity n Type %Sampled Tmax PI TOC HI TOCo HIo f
Atigaru Pt.-1 255 immature 16 CT 90 439 0.15 2.00 338 2.00 338 0
Cape Halkett-1 275 immature 24 CT 95 432 0.07 2.50 397 2.50 397 0
Colville 240 immature 1 CT 17 439 0.15 0.47 156 0.47 156 0
Colville Delta-1 240 immature 5 CT 92 437 0.12 1.67 325 1.67 325 0
Drew Point-1 512 immature 2 CT 18 435 0.11 1.30 132 1.30 132 0
East Simpson-2 380 immature 5 CT 53 435 0.14 1.58 83 1.58 83 0
East Harrison Bay-1 230 immature 2 CT 52 432 0.04 1.66 238 1.66 238 0
Gwydyr Bay State A-1 95 immature 1 CT 32 438 0.12 1.36 105 1.36 105 0
Gwydyr Bay State-U 1 115 immature 1 CT 26 439 0.11 1.54 351 1.54 351 0
J.W. Dalton-1 260 immature 16 CT 69 430 0.08 2.63 189 2.63 189 0
Nechelik-1 272 immature 3 CT 85 437 0.09 2.28 298 2.28 298 0
No Name Island-1 102 immature 2 CT 88 436 0.15 1.32 265 1.32 265 0
Phoenix-1 280 immature 60 CO>CT 95 439 0.12 4.33 491 4.33 491 0
Placid State 3-10-13 #1 80 immature 8 CT 81 438 0.11 3.57 446 3.57 446 0
Shell Seal Is. A-3 145 immature 13 CT 97 434 0.15 1.44 148 1.44 148 0
W. Kuparuk St. 3-11-11 125 immature 17 CT 69 439 0.09 2.78 371 2.78 371 0
West Channel 1-3 55 immature 3 CT 102 440 0.07 2.34 478 2.34 478 0
West Dease-1 175 immature 6 CO 82 431 0.20 1.46 76 1.46 76 0
W.T. Foran-1 95 immature 2 CO 36 434 0.12 5.23 544 5.23 544 0
Brontosaurus-1 415 mature 5 CO 29 450 0.39 1.44 90 1.44 90  -0.19**
Antares-1 508 mature 8 CT 23 443 0.13 1.58 242 1.85 367 0.44
Beaufort Sea Blk. 54-1 59 mature 1 CT 17 441 0.27 1.00 67 1.15 207 0.72
Beli Unit-1 154 mature 6 CT>CO 34 446 0.35 2.29 109 3.01 372 0.78
Canning R. Unit A-1 127 mature 3 CT 79 443 0.59 1.62 23 2.36 372 0.96
Canning R. Unit B-1 157 mature 2 CT 64 449 0.34 1.63 33 2.39 372 0.94
Itkillik River-1 185 mature 18 CT 97 447 0.33 2.57 85 2.92 227 0.67
Kookpuk-1 255 mature 8 CT 94 440 0.16 1.60 184 1.66 227 0.22
S. Harrison Bay-1 285 mature 5 CO 88 441 0.10 2.20 95 2.85 318 0.77
Toolik Fed-1 55 mature 7 CT 91 442 0.13 2.29 131 3.51 462 0.82
Bush Federal-1 120 spent 3 CT 92 na 0.44 2.84 28 4.73 462 0.96
East Teshekpuk-1 215 spent 17 CT 84 452 0.34 1.69 51 2.18 293 0.87
Fin Creek Unit-1 175 spent 1 CT 11 na 0.53 0.61 15 0.91 372 0.97
Ikpikpuk-1 490 spent 5 CO>CT 41 471 0.38 2.89 62 2.95 108  0.43
Inigok-1 240 spent 9 CT>CO 75 492 0.49 2.79 19 3.82 318 0.96
Kavik Unit 135 spent 2 CT 74 467 0.67 1.27 12 1.89 372 0.98
North Inigok-1 80 spent 10 CT>CO 100 508 0.45 2.86 18 4.20 368 0.97
Topagoruk-1 390 spent 4 CT 58 453 0.26 1.59 40 1.64 80 0.51
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